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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a ring magnet 
capable of realizing both of the reluctance torque and 
low cogging torque of a polar anisotropy magnet by using 
the difference between magnetic reluctance, by 
providing the difference of the magnetic reluctance in a 
circumferential direction of the ring magnet, and to 
provide its manufacturing method, and a rotor and a 
rotating machine using the ring magnet. 
SOLUTION: In this ring magnet, a plurality of soft 
magnetic materials are integrally formed in annular rigid 
magnetic material of which the easy magnetization 
direction periodically varies in a circumferential or 
diametrical direction at a certain interval in the 
circumferential direction. This manufacturing method of 
the ring magnet has a forming process of a compound 
body in which the plurality of soft magnetic materials are 
disposed at a certain interval in the peripheral direction 
in the rigid magnetic material particulates disposed in a 
ring shape, a pressure forming process in which a 

pressure forming body is formed while the compound body is disposed in a magnetic field, and a 

sintered process in which the press forming body is sintered. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 
[Claim 1] 

The ring magnet characterized by forming two or more soft magnetism material at fixed spacing 
in the hoop direction at one in the ring-like hard magnetism material from which the easy 
magnetization direction changed periodically in the hoop direction or the direction of a path. 
[Claim 2] 

The ring magnet characterized by embedding [ at least at one side by the side of the periphery 
of the ring-like hard magnetism material from which the easy magnetization direction changed 
periodically in the hoop direction or the direction of a path, or inner circumference ] two or more 
soft magnetism material at fixed spacing in a hoop direction, and being formed in one. 
[Claim 3] 

The ring magnet characterized by embedding [ at least at one side by the side of the periphery 
of the ring-like hard magnetism material from which the easy magnetization direction changed 
periodically in the shape of a sine wave in the hoop direction, or inner circumference ] two or 
more soft magnetism material at fixed spacing in a hoop direction, and being formed in one. 
[Claim 4] 

The ring magnet characterized by forming in one two or more soft magnetism material by which 
the easy magnetization direction was missing from the periphery side, and continued from the 
inner circumference side in the hoop direction in the ring-like hard magnetism material which 
changed periodically in the shape of a sine wave at fixed spacing in the hoop direction. 
[Claim 5] 

It is the ring magnet characterized by forming said hard magnetism material and soft magnetism 
material in one of sintering in either of claims 1-4. 
[Claim 6] 

It is the ring magnet with which said hard magnetism material and soft magnetism material are 
characterized by said thing [ being sintered ] after pressing in a field in either of claims 1-5. 
[Claim 7] 

The easy magnetization direction [ in / on either of claims 1-6 and / in said soft magnetism 
material / the hoop direction of said hard magnetism material ] is the ring magnet characterized 
by being formed in the location suitable for said hoop direction. 
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[Claim 8] 

The manufacturing method of the ring magnet characterized by having the formation process of 
the complex which arranges two or more soft magnetism material at fixed spacing to the hoop 
direction in the hard magnetism material powder arranged in the shape of a ring, the pressing 
process which forms a pressing object while carrying out orientation of said complex in a field, 
and the sintering process which makes said pressing object sinter. 
[Claim 9] 

The manufacturing method of the ring magnet characterized by having the formation process of 
the complex which arranges two or more soft magnetism material at fixed spacing to a hoop 
direction at least at one side by the side of the periphery in the hard magnetism material powder 
arranged in the shape of a ring, or inner circumference, the pressing process which forms a 
pressing object while carrying out orientation of said complex in a field, and the sintering process 
which makes said pressing object sinter. 
[Claim 10] 

The manufacturing method of the ring magnet characterized by to have the formation process of 
the complex which arranges two or more soft magnetism material which was missing from the 
periphery side and followed the part in the hard magnetism material powder arranged in the 
shape of a ring from the inner circumference side at fixed spacing to a hoop direction, the 
pressing process which forms a pressing object while carrying out orientation of said complex in 
a field, and the sintering process which makes said pressing object sinter. 
[Claim 11] 

The manufacturing method of the ring magnet characterized by adjusting said direction of a field 
in either of claims 8-10 so that the easy magnetization direction of the hard magnetism material 
of the shape of said ring may change periodically in a hoop direction or the direction of a path. 
[Claim 1 2] 

It is the manufacturing method of the ring magnet characterized by carrying out pressing all over 
the magnetic field of the direction where said soft magnetism material becomes in the direction 
of a path about soft magnetism material powder in either of claims 8-11, or a non-magnetic field. 

[Claim 1 3] 

The manufacturing method of the ring magnet characterized by the easy magnetization direction 
of said hard magnetism material arranging said soft magnetism material in the location suitable 
for said hoop direction in either of claims 8-12. 
[Claim 1 4] 

The rotator characterized by said ring magnet becoming the periphery of a shaft from a ring 
magnet according to claim 1 to 7 in the rotator which has a ringHike magnet. 
[Claim 1 5] 

The rotator to which said ring magnet is characterized by consisting of a ring magnet formed of 
the manufacturing method of a ring magnet according to claim 8 to 1 3 in the rotator which has a 
ring-like magnet on the periphery of a shaft. 
[Claim 1 6] 

The rotating machine characterized by said rotator consisting of a rotator according to claim 14 
or 1 5 in the rotating machine which has a stator and a rotator turning around the inside of this 
stator. 
[Claim 1 7] 

The rotating machine characterized by cogging torque being 5% or less to a rating torque in claim 
16. 



[Translation done.] 
* NOTICES * 
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1 This document has been translated by connputer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to a rotating machine at a new ring magnet, its manufacturing method, and 

the rotator list using it. 

[0002] 

[Description of the Prior Art] 

[Patent reference 1] JP,2000-269062A 

[Patent reference 2] JP,2000--195714,A 

The anisotropy from which the easy magnetization direction changed continuously in the 
conventional ring magnet in the hoop direction 
About a magnet 

[Patent reference 1] ** 

[Patent reference 2] It is alike and is indicated. By these welHknown examples, in the process 
which carries out magnetic powder shaping, the orientation of the magnetic powder was made to 
carry out in the direction of a field, and the easy magnetization direction has gathered in the 
direction of orientation of magnetic powder by the field with a coil etc. Making it sinter after the 
orientation of magnetic powder and shaping, and creating the polar anisotropy magnet in which 
the easy magnetization direction changed in the hoop direction, and the magnet after sintering 
had high magnetic properties is indicated. 
[0003] 

[Problem(s) to be Solved by the Invention] 

The ring magnet which was compatible in the reluctance torque and the low cogging torque of a 
polar anisotropy magnet using the difference of magnetic reluctance is not shown by the Prior 
art. Moreover, making the hoop direction of the ring magnet which fabricated by one the powder 
of magnetic material with which magnetic properties differ for reluctance torque reservation 
arrange periodically is not shown. 
[0004] 

Artificers can secure the torque in a low rotational frequency, when reluctance torque could be 
used, and since [ which needs big torque at a low rotational frequency ] MOTAHE application 
was carried out, as a result of examining the structure of using reluctance torque, they found out 
preparing an elasticity part in the hoop direction of a hard ring magnetically. Moreover, although 
artificers could be realized by dividing a magnet into a hoop direction and making soft magnetism 
material insert between magnets in order to have produced such reluctance torque, they found 
out that there were problems, such as that reservation of magnetic process tolerance is difficult, 
that a magnetic adhesion process is the need, magnet maintenance at the time of rotation, and 
dispersion increase of surface inductive flux. 
[0005] 

Furthermore, when dividing a magnet for every pole, a surface magnetic-flux density wave form 
changes with configuration dispersion for every pole. When especially the diameter of a magnet 
varies, the magnetic flux in the teeth point of a stator differs for every pole. Adhesion of a 
magnet and soft magnetism material imitates the fall of a rotator on the strength, results, and 
leads to heterogeneity increase of the magnetic flux by the nonmagnetic gap of jointing. 
[0006] 
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The purpose of this invention gives the difference of magnetic reluctance to the hoop direction 
of a ring magnet, and is to provide with a rotating machine the ring magnet which was compatible 
in the reluctance torque and the low cogging torque of a polar anisotropy magnet using the 
difference of magnetic reluctance, its manufacturing method, and the rotator list using it. 
[0007] 

[Means for Solving the Problem] 

This invention is in the ring magnet which reconciled the reluctance torque and the low cogging 
torque of a polar anisotropy magnet using the difference of magnetic reluctance, if reluctance 
torque can be used, it becomes possible to secure the torque in a low rotational frequency, and 
torque is required of a low rotational frequency — MOTAHE application can be carried out. In 
order to use reluctance torque, it is necessary to prepare an elasticity part in the hoop direction 
of a hard ring magnetically, for producing such reluctance torque — a magnet — a hoop 
direction — dividing — between a magnet and magnets — precision — it can be high, and can 
realize by making soft magnetism material insert easily, and problems, such as magnet 
maintenance at the time of rotation and dispersion of surface inductive flux, can be solved. 
[0008] 

This invention is in the ring magnet characterized by forming two or more soft magnetism 
material at fixed spacing in the hoop direction at one in the ring-like hard magnetism material 
from which the easy magnetization direction changed periodically in the hoop direction or the 
direction of a path. Furthermore, this invention has the following requirements. 
[0009] 

The ring magnet characterized by embedding [ at least at one side by the side of the periphery 
of the ring-like hard magnetism material from which the easy magnetization direction changed 
periodically in the hoop direction or the direction of a path, or inner circumference ] two or more 
soft magnetism material at fixed spacing in a hoop direction, and being formed in one. 
[0010] 

The ring magnet characterized by embedding [ at least at one side by the side of the periphery 
of the ring-like hard magnetism material from which the easy magnetization direction changed 
periodically in the shape of a sine wave in the hoop direction, or inner circumference ] two or 
more soft magnetism material at fixed spacing in a hoop direction, and being formed in one. 
[0011] 

The ring magnet characterized by forming in one two or more soft magnetism material by which 
the easy magnetization direction was missing from the periphery side, and continued from the 
inner circumference side in the hoop direction in the ring-like hard magnetism material which 
changed periodically in the shape of a sine wave at fixed spacing in the hoop direction. 
[0012] 

As for the ring magnet of this invention, it is desirable that said hard magnetism material and soft 
magnetism material are formed in one of sintering and to be formed in the location the easy 
magnetization direction [ in / material / said / hard magnetism material and soft magnetism 
material / in the inside of a field / in after pressing, said thing / being sintered /, and said soft 
magnetism material / the hoop direction of said hard magnetism material ] turned [ location ] to 
said hoop direction. 
[0013] 

This invention is in the manufacturing method of the ring magnet characterized by having the 
formation process of the complex which arranges two or more soft magnetism material at fixed 
spacing to the hoop direction in the hard magnetism material powder arranged in the shape of a 
ring, the pressing process which forms a pressing object while carrying out orientation of said 
complex in a field, and the sintering process which makes said pressing object sinter. 
[001 4] 

That is, through the process which makes the powder which carried out orientation of the 
powder of hard magnetism material to the process which carries out orientation by the field 
sinter, the part which shows soft magnetic characteristics fabricates this invention by hard 
magnetism material and one, and it makes periodic arrangement of the part which shows soft 
magnetic characteristics in a hoop direction. 
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[0015] 

Moreover, this invention aligns a part with the high permeability which carried out shaping 
sintering from the powder of soft magnetism material at the part by the side of the periphery in 
the hard magnetism material powder arranged in the shape of [ said ] a ring, or inner 
circumference, and is fabricated. 
[0016] 

Or the part which shows the soft magnetic characteristics fabricated and sintered from the 
powder of soft magnetism material to the part by the side of the periphery of said ring or inner 
circumference makes it align a fixed period, and is fabricated in a hoop direction. 
[0017] 

The powder of hard magnetism material and soft magnetism material is used for this invention, 
and it has the process which makes the powder which carried out orientation to the process to 
which orientation of these powder is carried out by the field sinter. The easy magnetization 
direction of the hard magnetism material which forms the ring magnet is periodically changed in 
the shape of a sine wave in a hoop direction. There is a part with the high permeability which 
becomes the hoop direction angular position is the inner circumference side of said ring, and 
easy ****** of hard magnetism material turned [ hoop direction ] to the hoop direction mostly 
from soft magnetism material, and it is made to align a period with the part fixed in a hoop 
direction which shows soft magnetic characteristics. 
[0018] 

The process to which this invention carries out orientation of the powder of hard magnetism 
material and soft magnetism material by the field, The easy magnetization direction of the hard 
magnetism material of the ring magnet produced through the process which makes the powder 
which carried out orientation sinter is periodically changed in the shape of a sine wave in a hoop 
direction. A part with the high permeability which the easy magnetization direction of the hard 
magnetism material of said ring becomes from the soft magnetism material which followed the 
periphery side from the inner circumference side near the location it turned [ location ] to the 
hoop direction mostly is prepared, and the part which shows soft magnetic characteristics aligns 
a fixed period in a hoop direction. 
[0019] 

In the ring-like magnet produced through the process which makes the powder which carried out 
orientation of the powder of hard magnetism material to the process which carries out 
orientation by the field sinter, the part which shows soft magnetic characteristics fabricates this 
invention by hard magnetism material and one, and the wave of surface inductive flux has 
become a sine wave mostly after magnetizing a ring-like magnet by the external magnetic field 
added in the direction near the direction of orientation. 
[0020] 

As for adjusting said direction of a field so that the easy magnetization direction of the hard 
magnetism material of the shape of said ring may change periodically in a hoop direction or the 
direction of a path, and said soft magnetism material, it is desirable that the easy magnetization 
direction of said hard magnetism material arranges to carry out pressing of the soft magnetism 
material powder all over the magnetic field of the direction which becomes in the direction of a 
path, or a non-magnetic field, and said soft magnetism material in the location suitable for said 
hoop direction. 
[0021] 

Furthermore, this invention is characterized by that said ring magnet becomes the above- 
mentioned from the ring magnet of a publication, and consisting of a ring magnet formed in the 
above-mentioned of the manufacturing method of a publication in the rotator which has a ring- 
like magnet on the periphery of a shaft. 
[0022] 

Moreover, in the rotating machine which has a stator and a rotator turning around the inside of 
this stator, this invention is characterized by said rotator becoming the above-mentioned from 
the rotator of a publication, and especially in the motor, to the rating torque, its cogging torque 
is as small as 5% or less, and it has high induced voltage. 
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[0023] 

[Embodiment of the Invention] 
(Example 1) 

Drawing 1 is the sectional view of the ring magnet which formed the soft magnetism section 3 in 
the hoop direction periodically at the pole edge periphery side of the radial ring magnet of this 
invention. The dotted line shows the direction 2 of orientation of the easy magnetization 
direction of the hard magnetism material 4. The direction 2 of orientation of the easy 
magnetization direction of the hard magnetism material 4 is the direction of a path, and the 
direction of orientation and a perpendicular direction are difficult shaft orientations. 
[0024] 

The hard magnetism material 4 contains the compound which consists of an element of at least 
one kind of rare earth metal, Fe, Co and B, or N, and especially, since the residual magnetic flux 
density is high, a NdFeB system, a NdDyPeB system, a NdFeCoB system, a SmCo system, a 
SmCoFe system, a SmFeN system, and a SmCoZrN system can make induced voltage high. The 
powder of these hard magnetism material is carried out after presentation adjustment and 
particle-size-distribution adjustment, orientation of the magnetic flux is carried out in the 
specific direction for said powder as a magnet by the field, and it is used. Moreover, the soft 
magnetism material 3 is arranged with the pole and the same number in the periphery section of 
a ring magnet. Since Fe alloy becomes [ permeability ] high, the soft magnetism material 3 is the 
optimal, and Fe-Si, Fe-A1. Fe-B, its Fe-C. etc. are good. 
[0025] 

A sintering process is explained below from orientation. The introduction soft magnetism material 
3 is fabricated by the two or less 1-10 t/cm pressure using the shaping metal mold of a 
square-like long picture. The field under shaping makes a field impress in a non-magnetic field or 
the direction of RAJIARU, and the becoming direction. To the above-mentioned Fe alloy powder, 
stearin acid is added about 1% as lubricant, and it fabricates, after often mixing. The Plastic solid 
of the powder of soft magnetism material is mostly arranged at equal intervals to a hoop 
direction at the periphery side of orientation metal mold. Simple things of a perpendicular cross- 
section configuration, such as a round head, a trigonum, and an ellipse, are [ the soft magnetism 
material 3 ] good for others to the longitudinal direction. 
[0026] 

Next, the Plastic solid of the soft magnetism material 3 is arranged to the periphery side in 
double cylinder-like metal mold, and the powder of the above-mentioned hard magnetism 
material 4 is poured in into the metal mold. The crevice of the same configuration is prepared 
and it, die length, and width efface are inserted in there so that a part of Plastic solid of the soft 
magnetism material 3 can insert in the periphery side in metal mold, and it is made not to move 
at the time of impregnation of the powder of the hard magnetism material 4, and pressing. 
Moreover, the die length of metal mold is large so that it may be long and may become the die 
length same after pressing as the Plastic solid of the soft magnetism material 3 from the Plastic 
solid of the soft magnetism material 3, and the pressurization side is prepared straight. By the 
field from a coil or a magnet, the orientation of the powder of the hard magnetism material 4 is 
turned to a radial direction, and carries out pressing. Compacting pressure is 1 - 10 t/cm2. If the 
powder of a NdFeCoB system with a particle size of 1-3 micrometers is used, the direction of a 
path or radial direction shown in the direction 2 of orientation of the easy magnetization 
direction of the hard magnetism material 4 of drawing 5 can be made to carry out orientation by 
impressing the field of SOOOOe. The amount of preferred orientation of the powder of the hard 
magnetism material 4 at this time is 80% or more. Exact arrangement of the Plastic solid of the 
soft magnetism material 3 is obtained by this metal mold. 
[0027] 

Thus, the powder which carried out pressing is made to sinter in a vacuum (1x10 to 2 Pa degree 
of vacuum). First, presintering is carried out at 400-500 degrees C. Lubricant evaporates at this 
time. 800-degree-Cor more NdFe4 B4 which is 1200 degrees C or less (5 hours), and is a phase 
(Nd rich phase) with many amounts of Nd(s) from Nd2(Fe. Co) 14B (the main phase) and Nd2 (Fe, 
Co)14B generates sintering temperature. This Nd rich phase serves as a role of a binder, and the 
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interface of the soft magnetism material 3 and hard magnetism material is also sintered. 
Moreover, few ring magnets of the variation in the configuration for every pole are obtained also 
even for after sintering by exact arrangement of the Plastic solid of the soft magnetism material 
3 at the time of sintering. 
[0028] 

After sintering, in order to make coercive force increase, it heat-treats again at 600-degree-C 
or more temperature of 1000 degrees C or less (5 hours). The particle size of the main phase 
after heat treatment is 2-15 micrometers. A periphery inside-and-outside periphery is processed 
after heat treatment, and it becomes a ring magnet like drawing 1 . This ring magnet is eight 
poles and the soft magnetism material 3 is arranged with the pole and the same number at the 
periphery side. The location of one soft magnetism material is 5 - 10% of the include angle of one 
pole in a hoop direction. In the direction of a path, it is producing by 3 - 10% of thickness. 
[0029] 
(Example 2) 

Drawing 2 is the sectional view of the ring magnet which formed the soft magnetism material 3 in 
the hoop direction periodically at the pole edge periphery side of the polar anisotropy ring 
magnet of this invention. In drawin g 2 , the hard magnetism material 1 is a ring configuration, and 
the direction 2 of an easy axis of the hard magnetism material 1 is changing periodically in the 
hoop direction. The soft magnetism material 3 is periodically arranged so that the front face of 
the soft magnetism material 3 may appear in a periphery side by the same peripheral surface, 
and it is the magnet of one as a whole. The object as an example 1 with the same quality of the 
material of the hard magnetism material 1 is used. 
[0030] 

Iron powder is used for the soft magnetism material 3. Zinc stearate is added about 1% as 
lubricant into electrolytic iron powder with a particle size of 5-20 micrometers, it inserts in 
mixed backward metal mold, pressing is carried out like an example 1, and it considers as a long 
square-like configuration. The magnetic powder of a NdFeB system is used for the hard 
magnetism material 1. The particle size of NdFeB system magnetism powder is 3-15 
micrometers. In order to make an energy product high, single crystal powder with a mean particle 
diameter of 3-5 micrometers is used. The Plastic solid of the soft magnetism material 2 inserts 
this magnetic powder into the metal mold arranged at the periphery side. Then, it fabricates by 
the ** mosquito of 1 t/cm2 in the field of SOOOOe. The direction of a field is controlled by the 
coil arranged to the periphery [ of metal mold ], or inner circumference side along the easy 
magnetization direction 2 of the hard magnetism material of dra wing 2 , and a field is impressed 
at the time of shaping. The direction of a field with a coil is changed continuously [ a hoop 
direction ] within a ring, and periodically. 
[0031] 

In drawing 2 , what has been arranged at the periphery [ of the magnetic powder insertion 
section ] or inner circumference side according to a pole in eight pairs of field impression coils 
was used, and the direction of a field designed the coil location so that it might become a sine 
wave mostly in a hoop direction, and it has applied it to metal mold. The current passed in a coil 
is 1x106 A/cm2, and is adding pulse current at the time of shaping. The field for carrying out 
orientation of the hard magnetism material is added, and the c-axis of ****** which is the easy 
magnetization direction of Nd2Fe14B arranges after shaping along the direction 2 of orientation 
of the easy magnetization direction of the hard magnetism material of drawing 4 . The c-axis of 
Nd2Fe14B has arranged after sintering and sintering and heat treatment as well as an example 1 
along the easy magnetization direction 2 of hard magnetism material shown in drawing 4 . It 
considers as a ring configuration after sintering and heat treatment by processing by the 
diamond or the grinding stone, or processing by wire cut, Nd2Fe14B is magnetized using 
magnetization York (15 or more kOes of fields), it becomes the ring magnet of drawing 2 , and. as 
for a ring magnet, the permeability of a hoop direction changes periodically. 
[0032] 

The configuration of the soft magnetism material 3 is the width of face of 1/2 or less hoop 
direction of the include angle of one pole with 8 pole ring magnet, and, as for the direction of a 
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path, it is desirable to carry out to 1/2 or less [ of the direction thickness of a path ] in the 
location by the side of a periphery, and to suppose that it is the same as that of an example 1. If 
the rate of the volume of the soft magnetism material 3 of the direction of a path becomes 1/2 
or more, the waveform distortion of surface inductive flux will become 5% or more, and the peak 
value of surface inductive flux will also fall. Moreover, if the soft magnetism material 3 of a hoop 
direction becomes 1/2 or more, the waveform distortion of surface inductive flux will increase 
remarkably. 
[0033] 
(Example 3) 

This example is replaced with Nd2Fe14B as hard magnetism material 1 of an example 2, is a 
thing using a SmCo system and is made to equalize by solution treatment at temperature lower 
than sintering temperature in the case of a SmCo system. The powder of Sm2Co17 is inserted in 
the metal mold with which the soft magnetism material Plastic solid has been arranged like an 
example 2, and pressing is carried out, impressing an orientation field. Electrolysis Fe powder is 
used for the soft magnetism material 3. The moulding pressure mosquitoes of electrolysis Fe 
powder are about 5 t/cm2. The field at the time of an Sm2Col7 powder shaping form is 7000 or 
more Oes, and makes the orientation of the c-axis carry out in the direction of a field. The 
pressure at the time of shaping is 1 - 10 t/cm2. Presintering of the Plastic solid is carried out 
like an example 1 within a vacuum heating furnace, and it is heat-treated at 700-900 degrees C 
after sintering by further 1000-1200 degrees C. The ambient atmosphere at the time of sintering 
is hydrogen, inert gas, or a vacuum. By making a part of Co the presentation changed into Cu, an 
energy product (Bhmax) can obtain the ring magnet of 90 kJ/m3 by the coercive force 
exceeding lOkOe. 
[0034] 

The orientation of Sm2Co17 after sintering changes periodically [ in a hoop direction ] and 
continuously, as shown in drawin g 2 . The location of the coil of orientation York used for 
orientation shaping so that the easy magnetization direction may meet such orientation, or a 
magnet is designed. The coil or the magnet is using what has been arranged at the periphery [ of 
the magnetic ring-like powder insertion section ], or inner circumference side according to a 
pole. The configuration of the hard magnetism material 3 is the width of face of 1/2 or less hoop 
direction of the include angle of one pole with 8 pole ring magnet of drawing 2 , and, as for the 
direction of a path, it is desirable to carry out to 1/2 or less [ of the direction thickness of a 
path ] in the location by the side of a periphery, and to suppose that it is the same as that of an 
example 1. If the rate of the volume of the soft magnetism material of the direction of a path 
becomes 1/2 or more, the waveform distortion of surface inductive flux will become 5% or more, 
and the peak value of surface inductive flux will also fall. 
[0035] 

Moreover, if the soft magnetism material of a hoop direction becomes 1/2 or more, the waveform 
distortion of surface inductive flux will increase remarkably. If Sm2Co17 is magnetized and the 
permeability of the ring magnet of drawing 2 is measured after processing, it will check that 
permeability is high 5% or more by the periphery side of the soft magnetism material 3. 
[0036] 

Moreover, when the orientation of hard magnetism material 2 like drawin g 2 changes 
continuously in a hoop direction, in the case of the same magnetic material, surface inductive 
flux is higher than drawing 1 in the same configuration. When it is the ring magnet from which the 
direction of an easy axis is changing to the hoop direction, the waveform distortion of surface 
inductive flux becomes [ the one distant from the include angle, as for the location of the soft 
magnetism material 3, the absolute value of surface inductive flux indicates maximum to be ] 
small. Then, it is made arrangement of the soft magnetism material 3 as shown in drawing 2 . In 
drawin g 2 , the location of soft magnetism material is arranged to the mid-position of the include 
angle from which the absolute value of surface inductive flux serves as max, and an include 
angle. At the include angle from which the absolute value of surface inductive flux serves as 
max, the easy magnetization direction has become in the direction of a path mostly, and near the 
soft magnetism material 3. the orientation of hard magnetism material is turned to in the 
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direction near a hoop direction, as shown in drawing 2 . Such a ring magnet has high surface 
inductive flux, and induced voltage can be made high, and since the permeability of the part of 
the soft magnetism material 3 becomes large rather than 1.1, magnetic reluctance is changing 
periodically in the hoop direction. 
[0037] 

The same effectiveness can be acquired when the SmCo system of the hard magnetism material 
1 of this example is used for an example 1. 
[0038] 
(Example 4) 

Dr awing 3 is the sectional view of the ring magnet which prepared the soft magnetism section in 
the hoop direction periodically at the inner circumference side of the polar anisotropy ring 
magnet of this invention. In dr a wing 3 . the hard magnetism material 1 is a ring configuration, and 
the direction 2 of orientation of the direction of an easy axis of the hard magnetism material 1 is 
changing periodically in the hoop direction. The soft magnetism material 3 is periodically arranged 
so that the front face of the soft rnagnetism material 3 may come out to an inner circumference 
side front face, and it is the magnet of one as a whole. 
[0039] 

Iron powder is used for the soft magnetism material 3. As lubricant, zinc stearate is added about 
1% into 5-20-micrometer electrolytic iron powder, and it inserts in mixed backward metal mold at 
it. The magnetic powder of a NdFeB system is used for the hard magnetism material 1. Although 
chosen according to Nd2Fe14B, 2(M, Dy) Fe14B, 15(Nd, Dy) Fe 77B7A11, the magnetic 
properties of which 2 (Nd, Dy) (Fe, Co)14B is required, a manufacturing cost, and an operating 
environment, in order to produce the periodic change in the hoop direction of the permeability 
which is made to arrange the soft magnetism material 3 and is obtained, any of the above- 
mentioned NdFeB system and a SmCo system are sufficient as NdFeB system magnetic powder. 
Metal mold makes the periphery of an example 1 the same structure as inner circumference. A 
ring magnet with little variation is obtained by the configuration by it. 
[0040] 

The particle size of the used NdFeB system magnetism powder is 3—15 micrometers. In order to 
make an energy product high, single crystal powder with a mean particle diameter of 35 
micrometers is used. This magnetic powder is inserted into the metal mold with which the Plastic 
solid of soft magnetism material has been arranged. Then, it fabricates by the pressure of 1 
t/cm2 in the field of SOOOOe. The direction of a field is controlled by the coil by the side of the 
periphery of metal mold, or inner circumference along the easy magnetization direction 2 of the 
hard magnetism wood of drawi n g 3 , and a field is impressed at the time of shaping. The direction 
of a field with a coil is changed continuously [ a hoop direction ] within a ring, and periodically. 
[0041] 

In drawing 3 , eight pairs of field impression coils were used, and the direction of a field designed 
the coil location so that it might become a sine wave mostly in a hoop direction, and it has 
applied it to metal mold. The current passed in a coil is 1x106 A/cm2, and is adding pulse 
current at the time of shaping. The field for carrying out orientation of the hard magnetism 
material is added, and the c-axis of ****** which is the easy magnetization direction of 
Nd2Fe14B arranges mostly along the easy magnetization direction 2 of the hard magnetism 
material of drawing 3 after shaping. The c^axis of Nd2Fe14B has arranged after sintering and 
sintering and heat treatment as well as an example 1 along the easy magnetization direction 2 of 
hard magnetism material shown in drawing 3 . It considers as a ring configuration after sintering 
and heat treatment by processing by the diamond or the grinding stone, or processing by wire 
cut, Nd2Fe14B is magnetized using magnetization York (15 or more kOes of fields), and it 
becomes the ring magnet of drawing 3 . 
[0042] 

The configuration of the soft magnetism material 3 is the width efface of 1/2 or less hoop 
direction of the include angle of one pole with 8 pole ring magnet of drawing 3 . and the direction 
of a path is 1/2 or less [ of the direction thickness of a path ] in the location by the side of a 
periphery. If the rate of the volume of the soft magnetism material 3 of the direction of a path 
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becomes 1/2 or more, the waveform distortion of surface inductive flux will become 5% or more. 

It is desirable to suppose that it is the same as that of an example 1 . 

[0043] 

If a ring magnet is produced only by the hard magnetism material 1, without arranging the soft 
magnetism material 3, it will become like drawing^ . The orientation of the hard magnetism 
material 1 of drawing 4 is repeated by continuation and the periodic target in the hoop direction, 
and the direction 2 of orientation of the easy magnetization direction of hard magnetism material 
is repeated 8 times, as shown in dra wing 4 . The permeability by the side of the periphery of a 
ring magnet like drawing 4 hardly changes in a hoop direction. Therefore, it is difficult to utilize 
reluctance torque. 
[0044] 

On the other hand, in order to obtain the sintered compact of the configuration of drawing 3 , 
when the permeability of the ring magnet which processes a ring configuration and magnetizes 
Nd2Fe14B is measured, permeability is high 2% or more at the periphery side of the soft 
magnetism material 3. Moreover, when the orientation of hard magnetism material 2 like drawing 
3 changes continuously in a hoop direction, in the case of the same magnetic material, surface 
inductive flux is higher than drawing 1 in the same configuration. When it is the ring magnet from 
which the direction of an easy axis is changing to the hoop direction, the waveform distortion of 
surface inductive flux becomes [ the one distant from the include angle, as for the location of 
the soft magnetism material 3. the absolute value of surface inductive flux indicates maximum to 
be ] smalt. 
[0045] 

Then, as shown in drawing 2 , the soft magnetism material 3 is made arrangement at the front- 
face side of the hard magnetism material 1. In drawing 3 , the inner circumference side location 
of soft magnetism material is arranged to the mid-position of the include angle from which the 
absolute value of surface inductive flux serves as max. and an include angle. At the include angle 
from which the absolute value of surface inductive flux serves as max, the easy magnetization 
direction has become in the direction of a path mostly, and near the soft magnetism material 3, 
the orientation of the hard magnetism material 1 is turned to in the direction near a hoop 
direction, as shown in drawing 3 . The absolute value of surface inductive flux becomes [ the way 
which has arranged soft magnetism material to the inner circumference side rather than the case 
where the soft magnetism material 3 is arranged to the periphery side of drawing 2 ] high. When 
this has soft magnetism material near a front face, it is for the direction of magnetic flux or a 
field to influence in the direction which a magnet makes, and, as for effect, there is less 
arrangement of drawing 3 by the side of inner circumference to the value change of surface 
inductive flux. A ring magnet like drawing 3 has high surface inductive flux, induced voltage can 
be made high, and the permeability of the part of the soft magnetism material 3 becomes larger 
than 1.1, and magnetic reluctance is changing periodically in the hoop direction. 
[0046] 
(Example 5) 

Drawing 5 is the sectional view of the ring magnet which prepared the soft magnetism section in 
the direction of a path of the pole edge of the polar anisotropy ring magnet of this invention. In 
drawing 5 . the hard magnetism material 1 is a ring configuration, and the direction 2 of 
orientation of the direction of an easy axis of the hard magnetism material 1 is changing 
periodically in the hoop direction. The soft magnetism material 3 plate-like [ continuous ] which 
came out to each front face by the side of the inner circumference of the hard magnetism 
material 1 and a periphery is arranged periodically in a hoop direction, and is the magnet of one 
as a whole. 
[0047] 

Iron powder is used for the soft magnetism material 3. SUTEARIN acid zinc is added about 1% as 
lubricant into 5-20-micrometer electrolytic iron powder, it inserts in mixed backward metal mold, 
pressing is carried out like the above-mentioned, and it forms in plateHike. The magnetic powder 
of the NdFeB system used in the example of dr awin g 3 is used for the hard magnetism material 
1 . Hard magnetism powder is inserted into the metal mold with which the Plastic solid of the soft 
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magnetism material 3 has been arranged. Then, it fabricates by the ** mosquito of 1 t/cm2 in 
the field of SOOOOe. The direction of a field is controlled by the coil by the side of the periphery 
of metal mold, or inner circumference along the direction 2 of orientation of the easy 
magnetization direction of the hard magnetism material 1 of drawin g 5 , and a field is impressed 
at the time of shaping. The direction of a field with a coil is changed continuously [ a hoop 
direction ] within a ring, and periodically. In this metal mold, the slot on the crevice is established 
in an inside-and-outside periphery like an example 1, and an exact location is maintained for the 
Plastic solid of the soft magnetism material 3 at the time of pressing. 
[0048] 

In the orientation metal mold used in order to produce the magnet of drawin g 5 , eight pairs of 
field impression coils were used, and the direction of a field has designed and applied the coil 
location so that it may become a sine wave mostly in a hoop direction. The current passed in a 
coil is 1x106 A/cm2, and is adding pulse current at the time of shaping. The field for carrying out 
orientation of the hard magnetism material 1 is added, and the c-axis of ****** which is the 
easy magnetization direction of Nd2Fe14B arranges after shaping along the direction 2 of 
orientation of the easy magnetization direction of the hard magnetism material 1 of drawing 5 . 
The c-axis of Nd2Fe14B has arranged after sintering and sintering and heat treatment along the 
direction 2 of orientation of the easy magnetization direction of the hard magnetism material 1 
shown in draw ing 5 . 
[0049] 

It considers as a ring configuration after the same sintering as an example 1, and heat treatment 
by processing by the diamond or the grinding stone, or processing by wire cut. Nd2Fel4B is 
magnetized using magnetization York (15 or more kOes of fields), and it becomes the ring magnet 
of drawing 5 . 
[0050] 

As for the configuration of the soft magnetism material 3, it is desirable to consider as the width 
efface of 1/2 or less hoop direction of the include angle of one pole, and to consider as 5 - 10% 
per pole to a hoop direction with 8 pole ring magnet of drawing 5 . If Nd2Fe14B is magnetized 
and the permeability of the ring magnet of drawing 5 is measured after processing, it will check 
that permeability is high 10% or more by the periphery side of the soft magnetism material 3. 
Moreover, with the ring magnet of drawing 5 . the amount of preferred orientation of the 
magnetic powder orientation of Nd2Fel4B can be made 90% or more, and induced voltage can be 
made high. This is because it can bring close to a sine wave and a high field is acquired in the 
location of hard magnetism material compared with the example of others [ direction / of the 
magnetic path made by the soft magnetism material in an orientation forming cycle ]. 
[0051] 
(Example 6) 

The ring magnet shown in above-mentioned drawing 2 . drawing 3 , and drawing 5 may consist of 
soft magnetism material 3 which is the parts which have bigger permeability than coercive force 
smaller than the coercive force which the hard magnetism material 1 made in the magnetic 
material near a polar anisotropy magnet shows, or the hard magnetism material 1. The direction 2 
of orientation of the easy magnetization direction of the magnetic material of the hard 
magnetism material 1 is shown by the dotted line. In this case, although it is eight poles, if it is 
two or more poles, it is not necessary to limit especially a pole. The magnetic properties of the 
hard magnetism material 1 are magnetic materials with [ residual magnetic flux density / (Br) / 
more than 0.6T ] 5 or more kOes in coercive force (iHc), and use a rare-earth-elements [ of a 
NdFeB system ] (other rare earth elements, such as Dy, may be added to Nd) and Fe (Co may 
be added) and B (metalloid element other than B may be added), or SmCo system. 
[0052] 

At the creation process of a sintered magnet, after preparing the particle size distribution of 
magnetic powder raw material powder by grinding and the classification, orientation shaping 
called field orientation is using the process which arranges the sense of powder. If the direction 
and magnetic field strength of an orientation field are inadequate at this time, the sense of 
magnetic powder cannot fully be arranged, either. The orientation of the magnetic powder which 
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constitutes the ring magnet is detectable as angular dependence of X diffraction reinforcement, 
if the orientation of the center of a pole or the edge of a pole changes with poles. A pole edge is 
the location of the soft magnetism material 3 of draw ing 5 here, and a pole core is a mid gear 
until it rotates from the location of the soft magnetism material 3 of drawing 5 and becomes the 
location of the following soft magnetism material. 
[0053] 

The dotted line of drawing 3 shows the direction of orientation (the same direction as the easy 
magnetization direction). The location of the above-mentioned pole edge is a location where this 
dotted line has become in the same direction (the direction of a path, and perpendicular 
direction) as a hoop direction. That is. the direction of orientation in a pole edge and a pole 
center position is mutually right-angled to the direction of a path, or a hoop direction. Although 
the dotted line of drawing 3 is roughly shown, it is difficult for the direction of the magnetic 
powder which constitutes an actual magnet for 100% of magnetic powder to make such a dotted 
line turn to. The magnitude of magnetic powder is several micrometers or less, and since it 
presses the particle size being distributed, and a configuration not being completely the same, 
either, and impressing an orientation field, it becomes difficult to arrange bearing in the direction 
of a field completely, after magnetic powder has contacted. In drawing 2 , drawing 3 , and drawing 
5 , the dotted line shows the direction 2 of orientation of the easy magnetization direction of 
hard magnetism material, and the small ****** material 3 of coercive force is arranged at the 
pole edge. The small part of the **** mosquito made to arrange and form in the location of the 
soft magnetism material 3 is fabricated by the hard magnetism material 1 and one. The technique 
has the approach of arranging the Plastic solid of the soft magnetism material 3 before a 
sintering process in the location of the soft magnetism material 3, the technique of changing 
conditions, such as sintering temperature of the part of the soft magnetism material 3, in a 
sintering process, the technique of changing the magnetic properties of the part of the soft 
magnetism material 3 after sintering, etc. 
[0054] 

Before sintering, for arranging soft magnetism material into the part of the soft magnetism 
material 3, shaping is divided in two steps, after creating a Plastic solid, it sinters or making small 
the orientation field of the part of the soft magnetism material 3, and changing the magnetic 
properties of the neighborhood or the technique of impressing a high field only near the soft 
magnetism material 3 for a polar anisotropy magnet after orientation shaping, and changing 
magnetic properties is. 
[0055] 

To the technique of changing conditions, such as sintering temperature of the part of the soft 
magnetism material 3, in a sintering process, it is possible by carrying out whether only the part 
of the soft magnetism material 3 is higher than the usual sintering temperature, and it carries out 
to make coercive force small. It is possible to reduce coercive force by carrying out overheating 
quenching of the part of the soft magnetism material 3 after sintering and processing by the 
technique of changing the magnetic properties of the part of the soft magnetism material 3 after 
sintering. Even if a magnet is not the orientation of polar anisotropy, a magnetic-reluctance 
difference can be built by making a hoop direction arrange the part of the soft magnetism 
material 3 periodically, as shown in drawing in the case of a ring magnet with the radial 
orientation of drawing 1 . 
[0056] 

The ingredient used as the part of the soft magnetism material 3 can apply the magnetic material 
which has the soft magnetic characteristics of what made particle size of powder larger than a 
part besides single or more figures in the case of the NdFeB system, and made coercive force 
small, the thing made into the metastable structure near an amorphous substance or metallic 
glass by the presentation of a NdFeB system, the thing which made the powder of a NdFeB 
system mix the ferromagnetic material (alpha-Fe, Fe3B, Fe4N, Fe203 grade) from which 
magnetic properties differ, a Fe-Si alloy, etc. 
[0057] 

Drawing 6 is the diagram showing the wave of the surface **** consistency at the time of using 
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Fe-3%Si powder for the ring near polar anisotropy with a NdFeB system magnet at the soft 
magnetism material 3 by the side of inner circumference as shown in drawing 3 , and sintering by 
one. the used powder — the anisotropy magnetic powder of Nd2Fel4B — it is — coercive force 
(iHc) — 15-25 — kOe and Br are the powder which is 1.1-1.3T. Except for the location (location 
of the soft magnetism material 3 of drawing 3 ) of the Fe-3%Si powder in which soft magnetism 
is shown, orientation shaping is beforehand carried out only with NdFeB system magnetic 
powder, and pressing of the powder of the account soft magnetism material of Gokami is carried 
out to the location of the soft magnetism material 3 of dra wing 3 . The rate of the direction 
volume of a path of the soft magnetism material in this case is 20%, and the width of face 
(location of the soft magnetism material 3 of dra wing 3 ) of a hoop direction is about 5 times. As 
for this include angle, 1/2 or less [ of the include angle (in the case of eight poles 45 degrees) of 
one pole ] is desirable. A field required for orientation is 5000 or more Oes. The account Plastic 
solid of Gokami is put into a vacuum furnace, and heating sintering is carried out. Sintering 
temperature is 800-1200 degrees C. It is processed after sintering and a surface protective coat 
is formed if needed. Although drawing 3 shows the case of eight poles, even when it is which 
pole of two or more poles, it can be produced. 
[0058] 

In drawin g 6 , an axis of ordinate is a relative value, and an axis of abscissa is an include angle. 
Magnet outer diameters are 30rnm(s), a bore is 20mm, and it is 20mm in height. A measuring 
point is 10mm in height by the side of a periphery, and measured the surface inductive flux of 
the direction of a path using the hall device. The wave of surface inductive flux is near and the 
waveform distortion is about 4% at a sine wave. Moreover, the peak value of surface inductive 
flux was the radial ring magnet produced in the same configuration, and more than an EQG. 
[0059] 
(Example 7) 

Drawin g 7 is the diagram showing the relation of the rate of the volume of soft magnetism 
material and the waveform distortion of surface inductive flux which examined the case where 
the rate of the volume of the soft magnetism material of the direction of a path was made 
[ many ] in an example 6. If the rate of the volume of soft magnetism material increases as 
shown in drawing 7 , the waveform distortion of surface inductive flux will increase. Moreover, 
although permeability also increases by the increment in the rate of the volume of soft 
magnetism material as shown in drawing 8 , even 20% is especially increasing rapidly. 
[0060] 

As for the waveform distortion of surface inductive flux increasing like drawin g 7 . magnetic- 
properties degradation by diffusion between the powder of that the orientation of the powder of 
NdFeB which is the powder of hard magnetism material worsens, soft magnetism material, and 
hard magnetism material etc. is considered as a cause by existence of the powder of soft 
magnetism material. In order to secure reluctance torque and to control waveform distortion, it is 
desirable to make the rate of the direction volume of a path of soft magnetism material 5 - 50%. 
The permeability in the pole core of a ring magnet is 1.0-1.05 in this range. Although this makes 
powder of soft magnetism material the 100% of the directions of a path in drawing 5 , it is shown 
that a direction of the mixture of soft magnetism and hard magnetism is effective in the part of 
the soft magnetism material 3 at waveform distortion reduction. 
[0061] 
(Example 8) 

Drawing 9 and drawing 10 are the perspective views of the rotator using the ring magnet 
manufactured in the examples 1-7. The adhesives of an organic system were used and the ring 
magnet 1 1 is pasted up in the center of shaft orientations of the rotation shaft 1 2. It differs 
[ whether soft magnetism material is prepared in an inner circumference side according to the 
structure of a motor or it prepares in a periphery side, and ]. Moreover, when also using the 
orientation of a polar anisotropy ring magnet for an outer rotor, it is made for magnetic flux to 
become strong at an inner circumference side. It is also possible to make the soft magnetism 
material 13 incline by shaft orientations, and to reduce cogging torque, as shown in drawing 1 0 . 
In the part (drum section) which pastes up the ring magnet 1 1, the rotation shaft 12 is made into 
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the path doubled with torque required for a motor, and serves as a major diameter most to the 
rotation shaft 12 of both sides. Pars intermedia is made into the thin path so that it may become 
lightweight, as it can have the path which can secure the reinforcement as a rotation shaft 12. 
[0062] 

In order to use mild steel, Fe alloy, aluminum alloy, Cu alloy, etc. for the rotation shaft 12 and to 
prevent oxidation and corrosion on the surface of a rotator, nickel plating, chemical conversion, 
etc. are performed. 
[0063] 

Drawing 1 1 is the sectional view of the motor which used the rotator of drawing 9 and drawing 
10 . Since this motor can use the reluctance torque using the difference of magnetic reluctance, 
it can secure high torque in a low rotational frequency. Especially this motor is effective in the 
high Brit automobile equipped with the internal combustion engine of which high torque is 
required at a low speed, and the motor. 
[0064] 

[Effect of the Invention] 

According to this invention, it can be possible to generate the difference of permeability in a 
hoop direction by the surface inductive flux of a ring magnet or an induced voltage wave raising 
near and the orientation based on [ of a ring magnet ] poles to a sine wave, and forming the 
powder of soft magnetism material in a hoop direction periodically, the waveform distortion of 
surface inductive flux can be small, the small rotator of cogging torque can be offered, and the 
reluctance torque in a low rotational frequency can be further applied to an available motor. 
Especially, an efficient motor can be manufactured and it can apply to conveyance of industrial 
use, the object for automobiles, a semiconductor device, etc., a positioning motor, etc. 
[Brief Description of the Drawings] 

[Drawing 1] The sectional view of the radial ring magnet which prepared the soft magnetism 
material of this invention in the hoop direction periodically at the pole edge periphery side. 
[Drawing 2] The sectional view of the polar anisotropy ring magnet which prepared the soft 
magnetism material of this invention in the hoop direction periodically at the pole edge periphery 
side. 

[Drawing 3] The sectional view of the polar anisotropy ring magnet which prepared the soft 
magnetism material of this invention in the hoop direction by the side of inner circumference 
periodically. 

[Drawing 4 l The sectional view of a polar anisotropy ring magnet. 

[ D rawin g 5 ] The sectional view of the polar anisotropy ring magnet which prepared the soft 
magnetism material of this invention in the direction of a path of a pole edge. 
[Drawin g 6] The diagram showing the periphery side surface inductive flux of the ring magnet 
which prepared the soft magnetism section in the hoop direction periodically, and created it. 
[Drawing 71 The diagram showing the relation between the waveform distortion of surface 
inductive flux, and the rate of the direction volume of a path of soft magnetism material. 
[ Drawing 8] The diagram showing the relation between the permeability of a ring magnet, and the 
rate of the direction volume of a path of soft magnetism material. 

[ Draw ing 9] The perspective view of the rotator for motors which applied the ring magnet of this 
invention. 

[Drawing lOl The perspective view of the rotator which applied the ring magnet of this invention 

which made soft magnetism material incline to shaft orientations. 

[Drawing 1 11 The sectional view of the motor using the rotator of this invention. 

[Description of Notations] 

1 [ — Hard magnetism material (radial ring magnet), 11 / — A polar anisotropy ring magnet, 12 / 
— A rotation shaft, 14 / — A stator, 15 / — Ring magnet. ] — Hard magnetism material (polar 
anisotropy ring magnet). 2 — 3 The direction of orientation of the easy magnetization direction 
of hard magnetism material, 13 — Soft magnetism material, 4 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Draw ing 1] The sectional view of the radial ring magnet which prepared the soft magnetism 
material of this invention in the hoop direction periodically at the pole edge periphery side. 
[Drawing 2] The sectional view of the polar anisotropy ring magnet which prepared the soft 
magnetism material of this invention in the hoop direction periodically at the pole edge periphery 
side. 

[Drawing 3] The sectional view of the polar anisotropy ring magnet which prepared the soft 
magnetism material of this invention in the hoop direction by the side of inner circumference 
periodically. 

LQl^y^flnKAl The sectional view of a polar anisotropy ring magnet. 

[Drawing 5] The sectional view of the polar anisotropy ring magnet which prepared the soft 
magnetism material of this invention in the direction of a path of a pole edge. 
[Drawing 6] The diagram showing the periphery side surface inductive flux of the ring magnet 
which prepared the soft magnetism section in the hoop direction periodically, and created it. 
[Drawin g 7] The diagram showing the relation between the waveform distortion of surface 
inductive flux, and the rate of the direction volume of a path of soft magnetism material. 
[Drawing 8] The diagram showing the relation between the permeability of a ring magnet, and the 
rate of the direction volume of a path of soft magnetism material. 

[Drawing 9] The perspective view of the rotator for motors which applied the ring magnet of this 
invention. 

[Drawing 10] The perspective view of the rotator which applied the ring magnet of this invention 

which made soft magnetism material incline to shaft orientations. 

[Drawing 1 1] The sectional view of the motor using the rotator of this invention. 

[Description of Notations] 

1 [ — Hard magnetism material (radial ring magnet), 11 / — A polar anisotropy ring magnet, 12 / 
— A rotation shaft, 14 / — A stator, 15 / — Ring magnet. ] — Hard magnetism material (polar 
anisotropy ring magnet), 2 — 3 The direction of orientation of the easy magnetization direction 
of hard magnetism material, 13 — Soft magnetism material, 4 



[Translation done.] 
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DRAWINGS 



[Drawing.ll 




[DraMng.3] 
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[Drawin g 5] 
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[Drawing 8] 
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[Drawing 10] 
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